A survey was carried out between 2005 and 2006 in two ecologically different localities, Suam and Mtito Andei, to assess diversity and abundance of wild host plants of lepidopteran stem borers during the cropping and non-cropping seasons. Suam in western Kenya is situated in the moist high tropics and is characterised by an Afromontane vegetation mosaic, while Mtito Andei is located in the dry mid-altitudes characterised by a Somalia Masai vegetation mosaic. In Suam, wild host plants and maize covered 11 and 50%, respectively, of the surveyed area. In Mtito Andei, 27% of the surveyed area was under maize during the cropping season, while wild host plant species covered 13% and 8% during the cropping and non-cropping seasons, respectively. There was no significant variation in the relative abundance and diversity of the wild grasses between the two seasons in either location. The abundance of host plants of B. fusca and C. partellus is low in natural habitats surrounding cereal crops. The abundance of C. partellus was low in its wild host plants and B. fusca was absent. Therefore, the role of wild vegetation surrounding cultivated areas in the carry-over of these pests during the non-cropping season is limited.
INTRODUCTION
Cereal crops, particularly maize (Zea mays L.) and sorghum (Sorghum bicolor L. (Moench)), constitute the most important sources of food in Africa (FAO 2003) . In East and Southern Africa, these two crops are grown by both commercial and resource-poor farmers. Major constraints of crop production include several lepidopteran stem borer species whose distribution and pest status varies with region in Africa and ecozones within a region (Schulthess et al. 1997; Kfir et al. 2002) . In eastern Africa, Busseola fusca (Fuller) and Chilo partellus (Swinhoe) are the major pests, whereas Chilo orichalcociliellus Walker and Sesamia calamistis Hampson are of minor importance (Seshu Reddy 1983; Guofa et al. 2002) . Distributions of major species vary with altitude, with B. fusca dominating high-altitude areas whereas C. partellus is well established in low-and mid-altitude areas (Nye 1960; Seshu Reddy 1983; Guofa et al. 2002; Kfir et al. 2002; Ong'amo et al. 2006) .
In the tropics, small-scale cereal fields are surrounded by uncultivated habitats that are rich in alternative host plants, which are believed to act as reservoirs for stem borer pests during the noncropping period. These habitats are considered responsible for pest outbreaks in crops during the subsequent growing season (Ingram 1958; Bowden 1976; Khan et al. 1997) . However, recent studies in Uganda and Cameroon concluded that wild grasses play a minor role in the seasonal carry-over of stem borer pests (Ndemah et al. 2007; Matama-Kauma et al. 2008) . This is supported by results of surveys carried out in East and Southern Africa since 2002, which suggested that earlier reports of the common occurrence of stem borer pests on wild grasses were due to misidentification of the specimens (Le Ru et al. 2006a) .
Lepidopteran stem borers have been associated with monocotyledonous host plants belonging to the families Poaceae, Cyperaceae and Typhaceae (Polaszek and Khan 1998; Guofa et al. 2002; Le Ru et al. 2006a,b) for millions of years (Harris 1962) . However, densities of stem borers in wild habitats range between 0.001 and 0.03 per tiller, results that are considerably lower compared to the cultivated habitats (Le Ru et al. 2006a , Ndemah et al. 2007 Matama-Kauma et al. 2008) . A study carried out in Kitale, Kenya, that assessed the potential of using wild host plants as a refuge for Bt-susceptible pest populations, required in resistance management for Bt maize (Kanya et al. 2005) , showed that the ratio of wild host plants to maize was below 10%. However, another study carried out in Kakamega and Muhaka, representing the moist transitional and lowland tropical zones, showed that the host range of C. partellus and B. fusca was limited in both number and abundance (Otieno et al. 2006) , suggesting that Kanya et al. (2005) may have been overestimated the populations.
A study was carried out in two locations, Suam and Mtito Andei in Kenya, in an attempt to obtain a wider ecological understanding of the diversity and abundance of wild host plants of the stem borer pests. These locations represent two agroecological zones and were chosen for their diversity of habitats and farm management practices. The study was carried out during the cropping and non-cropping seasons to capture 1) the diversity and abundance of wild host plants of stem borers across the natural habitat in the different types of vegetation; and 2) the abundance of stem borer pests in both cultivated and natural habitats.
MATERIALS AND METHODS

Study localities and sampling design
The two study sites, Suam and Mtito Andei, are situated in two different agro-ecological zones in Kenya, dominated by different stem borer pest species; Busseola fusca is the dominant borer species in Suam while C. partellus dominates in Mtito Andei (Seshu Reddy 1983; Guofa et al. 2002; Ong'amo et al. 2006) .
Suam, in western Kenya, is in the moist transitional zone and is characterised by an Afromontane mosaic with a lightly wooded grassy formation (Figure 1 (Corbett and O'Brien 1997) . Mtito Andei is on the western border of the Tsavo Park and is composed of thick deciduous shrubby formations with Acacia-Commiphora and other riverine forest species of the Somalia Masaï vegetation mosaic (Figure 1 ). It covers an area of 25 km 2 and is located on the border of the Tsavo East National Park, between 2.64°E to 2.69°E, and 38.17°N to 38.22°N at 680 to 770 m asl (Goux 2005) . Annual rainfall is around 660 mm and mean temperature is 25°C, with minimum/maximum temperatures of 16.8/29.0°C (Corbett and O'Brien 1997) . The main cropping season falls between November and January, although maize is grown under irrigation throughout the year. However, the climatic conditions are at times irregular, with some years going without rainfall while others receive rainfall during the known dry period. In Suam, sampling in the uncultivated habitats was carried out during the non-cropping season (NCS) in March and during the cropping season (CS) in July. In Mtito Andei, there was no rain from November to January and sampling was therefore carried out during the NCS in January 2006, while the CS sampling was carried out in April 2006.
Sampling for diversity and abundance of host plants in the natural habitat
Sample size
Satellite images were used as basic spatial information to describe vegetation types of the study sites (Goux 2005) . This enabled translation of the vegetation types to the vegetation physiognomic classification by ground truthing. This resulted in a description of vegetation structural formation classes that was mainly divided into wild and cultivated habitats of stem borers (Goux 2005) . Sampling was confined to wild habitats dominated by plant species listed by Le Ru et al. (2006a) Hence, 54 points were sampled at both sites.
Experimental procedure
Baseline study techniques for sampling vegetation were applied (Grieg-Smith 1983) . Sampling without replacement was used, where the baseline formed one of the outer boundaries of the sampling unit. The transect intercept method of sampling vegetation as described by Grieg-Smith (1983) All species in the Cyperaceae, Poaceae and Typhaceae that intercepted the transects were recorded (Phillips 1995; Van Oudtshoorn 2004) . However, only plant species listed by Le Ru et al. (2006a) as host plants of stem borers are presented (Tables 2 and 5 ). Voucher specimens were collected and taken to the East African Herbarium in Nairobi, Kenya, when species identification was not possible in the field. Crown cover (the proportion of the ground occupied by a perpendicular projection of the aerial parts of the individual plant species) of each plant intercepting the transect was recorded (Greig-Smith 1983) . The length of transect intercepted by individual plant species (in centimetres) was recorded. The intercept lengths for each plant species in the whole vegetation structural formation classes were summed. This was then divided by the total length of the transects and converted to a percentage to give percentage plant cover of each species in the vegetation structural formation classes, providing the average cover abundance (%). Relative abundance was achieved by dividing the percentage cover abundance of each plant species by the total percentage cover abundance of all the plant species in the respective vegetation structural formation class. This was then used to calculate the diversity index.
Sampling for abundance of stem borer pests in both cultivated and natural habitats
Cultivated habitat
The total number of maize plants required for each site depends on the area under maize relative to the total area under study. It was determined using Karandinos' (1976) equation:
where n is the number of maize plants required in each site, δ is the reliability level expressed as a fixed proportion of the mean (0.05), Z a/2 is the standard normal deviate at 95% (1.96), p is the proportion of land under maize cultivation, and q = 1 -p The total number of maize plants sampled was 942 and 1536 in Suam and Mtito Andei respectively. Then, the number of maize plants inspected for stem borer infestation in each field was determined using the equation described by Zar (1999) The number of maize fields in the respective localities was determined from the quotient of the total number of plants per site (Eq.1) divided by 100 (Eq 2); 10 and 16 maize fields were sampled in Suam and Mtito Andei, respectively In each field, 100 randomly selected maize plants were inspected for borer infestation symptoms and only infested stems were dissected for larval recovery.
Natural habitat
Since borer densities on wild hosts plants are considerably lower than on cultivated cereals (Nye 1960; Schulthess et al. 1997; Ndemah et al. 2007; Matama-Kauma et al. 2008) , selective sampling was adopted to increase the chances of finding borers.
In both localities, all potential hosts belonging to the Poaceae, Cyperaceae and Typhaceae found within 200-300m from the border of the sampled maize fields were carefully examined for symptoms of stem borer damage. Damaged plants were cut at the base and dissected for recovery of larvae and pupae. Plants from which the larvae or pupae were collected were identified. In cases where identities of the infested plants were not known, voucher specimens were taken to the East African Herbarium in Nairobi for identification.
Stem borer species
Plants with infestation symptoms were dissected in situ for recovery of immature borers (i.e. larvae and pupae). Larvae were reared until pupation on an artificial diet according to the method described by Onyango and Ochieng-Odero (1994) . Pupae were removed from the diet media and kept separately in plastic vials until adult emergence. Adults were identified to species level by the ICIPE Biosystematic Unit and voucher specimens were deposited in the ICIPE Museum (Nairobi, Kenya).
Data analysis
Diversity and abundance of wild host plant species at the Suam and Mtito Andei sites were computed using the Shannon-Weaver diversity index (H) (Magurran 1988) :
H: Shannon diversity index, i: host plant species, N: total crown cover of all wild host plant species in a particular vegetation structure, Ni: total crown cover of individual wild host plant species, Pi: proportion of N made up of the i th species, In: natural logarithm. The resulting product was multiplied by −1. A t-test was used to compare the diversity indices between vegetation structural formation classes within a location and between seasons within the same vegetation structural formation classes. where H 1 is the diversity in structure 1, Var H 1 its variance and N 1 total crown cover.
The degrees of freedom were calculated using the equation
where S: plant species richness.
RESULTS
Diversity and abundance of wild host plant species of stem borers
Suam
Based on the land-use map described by Goux (2005) , three distinct vegetation structural formation classes, namely savanna woodland (SW), forest woodland (FW) and open grassland (OG), were surveyed in the Suam location (Table 1) . A total of 31 uncultivated plant species in the Poaceae and Cyperaceae, listed as host plants of lepidopteran stem borers by Le Ru et al. (2006a) , were recorded. All of them were present during the CS and 28 during the NCS (Table 2) . During the CS, the number of host plant species varied between 17 and 28 (17 species recorded in OG and 28 in SW). During the non-cropping season, the highest species richness (22) was recorded in SW and the lowest (16) in OG ( Table 2 ). The species richness in the respective vegetation structural formation class was proportional to the size of the structure. The highest cover abundance of wild host plant species was recorded in OG in both seasons (66.7% and 56.5% during CS and NCS, respectively), while the lowest cover abundance was recorded in SW (30.23% and 33.29% during CS and NCS, respectively) ( Table 2) . High-cover abundance recorded in OG was attributed to low-woody vegetation present in this vegetation structural formation class as the area was mainly used for pasture. The cover abundance of the wild host plant species and the Shannon diversity index (H) did not vary with season (t 76 = 0.98, p = 0.3302 and t 76 = 0.98; p = 0.4151, respectively); H varied between 2.46 and 2.31 for the CS and NCS, respectively. The highest H of 2.39 and 2.13 were recorded in SW during the CS and NCS, respectively. Although OG recorded the lowest H in both seasons, the NCS had a higher H (Table 3) .
About 50% of the surface area surveyed was under maize cultivation at the time of sampling. This was higher than the surface cover of wild plant species (mostly Poaceae) of 11.18% and 10.92% during the CS and NCS, respectively. In general, the surface cover of wild host plants in the different vegetation structures between the two seasons was similar (Table 4) .
Mtito Andei
Four vegetation structures were considered for sampling in this location: savanna woodland (SW), savanna grassland (SG), forest acacia (FA) and riverine vegetation (RV). A total of 22 wild host plant species belonging to the Poaceae and Cyperaceae were recorded, with all of them present during the CS and only 16 during the NCS. Species richness varied between vegetation structural formation classes and season. During the CS, the highest number of species (19) was recorded in RV and the least (6) in SG; while during the NCS, the highest species richness (11) was recorded in FA with the least (3) in SG (Table 5 ). Due to the wet microclimate favouring vegetation growth throughout the year, RV registered the highest cover abundance of wild host plant species, with 37.3% (CS) and 19.4% (NCS) ( Table 5) .
No significant variation in the species diversity index (H) was recorded between the seasons (t 23 = 0.83; p = 0.4151), with the CS having an index of 1.73 while the NCS had 1.40. Savanna grassland (SG) showed significant variations in species diversity, with RV during the CS (t 33 = 2.68; p = 0.01140) and the NCS (t 19 = 3.00; p = 0.0074). The other vegetation structural formation classes did not show significant differences within and between the seasons. There was no variation in cover abundance of wild host plant species between the seasons (t 23 = 0.84; p = 0.4151) ( Table 3) .
During the cropping season, about 27% of the surface area surveyed was under maize cultivation, while wild host plants accounted for 13% versus 3% and 8%, respectively, during the NCS (Table 4) . During the NCS, maize was cultivated under irrigation adjacent to RV. However, RV had wild host
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ground cover of 0.32% during the CS and 0.17% during the NCS (Table 4) .
Diversity and abundance of Busseola fusca and Chilo partellus wild host plant species
Suam
Three Busseola fusca host plant species were recorded in both seasons: Sorghum arundinaceum (Desv.) Stapf, Pennisetum purpureum Schumach. and Setaria megaphylla (Steudel) T. Durand & Schinz. During the CS, S. arundinaceum was found in all the vegetation structural formation classes, while during the NCS it was not recorded in OG. Pennisetum purpureum was missing in OG during both seasons, while S. megaphylla was present in FW during both seasons but completely absent in SW and OG (Table 2) . Sorghum arundinaceum had the highest cover abundance in both seasons; during the CS it varied between 0.72% and 3.6% with vegetation structural formation classes. The highest cover abundance was recorded in forest woodland (FW), while SW had the least cover abundance. The total cover abundance of wild hosts in the whole study area was 1.24% during the CS. In contrast, total cover abundance during the NCS was 0.87%, with FW recording the highest (4.60%) level (Table 2) . 
Mtito Andei
In Mtito Andei, there were four wild hosts of C. partellus: Panicum maximum Jacquin, S. arundinaceum, Rottboellia cochinchinensis (Lour.) Clayton and Pennisetum purpureum, which were all recorded in both seasons. The number of host species varied between one and four among the different vegetation structures. All four hosts were recorded in RV and FA during GR. During the CS, all four hosts were only recorded in FA, two were recorded in RV, and only P. maximum in the other vegetation structural formation classes. The cover abundance of the wild hosts of C. partellus varied between 0.01% and 3.56% among different vegetation structural formation classes during the CS. P. maximum dominated the host plant community in all four vegetation structural formation classes, with SG recording the highest cover abundance of 3.56% and FA having the least (0.72%). The other hosts, S. arundinaceum, P. purpureum and R. cochinchinensis, were recorded mainly in RV and FA, with the cover abundance varying between 0.12% (R. cochinchinensis) and 0.49% (S. arundinaceum). During the NCS, P. maximum still dominated the wild host cover abundance, with FA recording all four hosts, followed by RV; Rottboellia cochinchinensis was the least abundant host at 0.015% (Table 5) . Abundance of stem borer pests in cultivated and natural habitats Suam B. fusca was the only stem borer pest recovered from cultivated habitats in both the CS and NCS (Table  6 ). However, most of the stem borers were recovered during the CS. During the NCS, B. fusca was found on old maize stalks remaining in the field after harvest. B. fusca was not recovered at all from wild host plants sampled in natural habitats in both the CS and NCS. However, ten infested wild host plants were found in the natural habitat, mostly during the CS, having stem borers belonging to different species of noctuids, pyralids and tortricids. We found that stem borers are rare in both habitats during the NCS.
C. partellus was the only stem borer pest recovered from cultivated habitats in both the CS and NCS, with most borers recovered during the CS (Table 6 ). C. partellus was found in the natural habitats in both the CS and NCS on S. arundinaceum (both seasons) and on P. purpureum (NCS). However, nine (NCS) and eight (CS) wild host plants were found to be infested in the natural habitat, with stem borers of different species of noctuids, pyralids and tortricids.
DISCUSSION
In the two sampled localities, which represent two different agroecosystems, wild host plant species diversity and relative abundance did not vary significantly with season. During this survey, B. fusca was not found among the wild host plants recovered in Suam; however, it has been collected once on S. arundinaceum during the last 2 years (12 specimens in November 2006) as part of an extensive survey on stem borers carried out in this locality (Ong'amo, personal observation). In Uganda, Matama-Kauma et al. (2007) (Kanya et al. 2005) . This is an indication that natural habitats do not serve as a major reservoir for B. fusca during the noncropping season. Moreover, in Suam, it is a normal practice for maize stalks to be cleared by burning, which normally extends to patches of the wild habitats surrounding the maize field, thereby destroying also the wild host plants of B. fusca. Tscharntke and Brandl (2003) noted that destruction of the wild habitat of the insects might disrupt the plant-herbivore interaction, thereby affecting the pest population in the wild habitat. However, diapausing B. fusca larvae have been recovered from old maize stalks that survive burning during land preparation (Ong'amo, personal observations), suggesting that the majority of B. fusca larvae pass the NCS on maize residues in Suam.
Prior to the present surveys, a prolonged drought of more than 3 years occurred in Mtito Andei (Le Ru, personal observation). Since then, green vegetation has been confined to the riverbanks, leaving the rest of the study area with dry tillers of wild host plants. This explains, in part, why there was no variation in both species richness and relative abundance between the seasons despite the prolonged drought. Although not very abundant, C. partellus was found among the wild host plants recovered in Mtito Andei during this survey. According to the surveys done by Le Ru et al. (2006b) , C. partellus was present all year round in this area, but was minimal during the severe drought. This suggests that the wild host plants present along the riverbank could support large C. partellus population. In addition, some farmers -----------------2  --46  -63  148   4  10  5  3  1  28  8  --16  28  5  36   ----------------------11  --22   16  -22  -1  13  -1  1  1  16  -17   Table 6 Number of stem borer larvae recovered in Suam and Mtito Andei from various host plants during different seasons. Asterisks indicate the cereal plants found infested were able to grow maize under irrigation in fields adjacent to the riverbanks during the dry season (Otieno, personal observation) , thus enhancing the survival of the pest.
Recently, Bt maize resistant to C. partellus has been introduced into Kenya (Mugo et al. 2005) . In order to prevent development of insect resistance to the Bt toxin, it is generally recommended that not less than 20% of the cropping area should be planted with non-transgenic maize (i.e. refuge area strategy, sensu Brousseau et al. 1999) , which would sustain a susceptible pest population (Fitt et al. 2004) . It was considered that, in Africa, natural hosts of stem borer pests growing in natural habitats may serve as refuges (Khan et al. 1997) . However, according to the results presented here, less than 5% of the area of both localities is occupied by wild host plants of stem borer pests, and even less during the non-cropping season. Furthermore, our results show that even if C. partellus was found in the natural habitat surrounding cereal plots, B fusca was absent. Thus, it can be concluded that wild habitats surrounding cereal plots will play little if any role in the resistance management of Bt maize targeting either C. partellus or B. fusca. Additional refuges are needed to complement the wild host plants to delay resistance development in stem borer pests to transgenic crops. However, further research on adult stem borer dispersal is required, since movement of B. fusca from distant (up to several km) wild hosts or crops to the maize crop cannot be ruled out.
